The influence of black tea polyphenols on plasma lipid levels was investigated in rats fed a 15% lard and 1% cholesterol diet. The diet was supplemented with 1% black tea polyphenols extracted and con densed from black tea. Rats fed the lard-cholesterol diet showed an in crease in plasma cholesterol and liver lipids compared to rats fed a basal diet. The supplementation of black tea polyphenols in this lard-cholesterol diet decreased the lipid levels in the plasma and increased the fecal excretion of total lipids and cholesterol. On the other hands, 1% supplementation of either instant black tea with a 20% polyphenol content or 0.2% supplementation of EGCg in the lard-cholesterol diet had no effect on plasma cholesterol and phospholipid levels. These results suggest that a high dose of black tea polyphenols exerts a hypocholesterolemic effect in cholesterol-fed rats. Key Words black tea, tea polyphenol, plasma cholesterol, fecal cho lesterol, rat
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The influence of black tea polyphenols on plasma lipid levels was investigated in rats fed a 15% lard and 1% cholesterol diet. The diet was supplemented with 1% black tea polyphenols extracted and con densed from black tea. Rats fed the lard-cholesterol diet showed an in crease in plasma cholesterol and liver lipids compared to rats fed a basal diet. The supplementation of black tea polyphenols in this lard-cholesterol diet decreased the lipid levels in the plasma and increased the fecal excretion of total lipids and cholesterol. On the other hands, 1% supplementation of either instant black tea with a 20% polyphenol content or 0.2% supplementation of EGCg in the lard-cholesterol diet had no effect on plasma cholesterol and phospholipid levels. These results suggest that a high dose of black tea polyphenols exerts a hypocholesterolemic effect in cholesterol-fed rats.
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Our laboratory has demonstrated that green tea catechins have a variety of biological activities, including antibacterial (1-3), antioxidative (4, 5), antitumor (6) and hypocholesterolemic (7) activities. There have been many reports that green tea and oolong tea decrease plasma lipids in rodents and humans (8) (9) (10) (11) (12) (13) (14) . However, few investigators have reported on the effect of black tea on plasma lipids (15) (16) (17) (18) , and there have been even fewer reports on the reduction of plasma lipids. In this study, we investigated the effects of black tea polyphenols on plasma lipids.
Materials and methods
Preparation of black tea polyphenols, instant black tea and epigallocatechin gallate. Black tea polyphenols (BTP) were prepared according to the following method: 2kg of instant black tea (IBT) dissolved in 20L of hot water was extracted with ethyl acetate (9L) in order to obtain the polyphenolic fraction. The solid recovered from the solvent was dissolved in 200mL of water and 300mL of acetone, and the resulting solution was washed twice with 1,500mL of chloroform 30times Lipid levels in the plasma are shown in Table 3 . Plasma total cholesterol levels of the 15L group showed a significant increase as compared to the control group.
The supplementation of 1% BTP significantly decreased these plasma cholesterol levels. The total cholesterol in the plasma of the IBT and EGCg groups did not differ from that of the 15L group.
Liver weights and content of lipids in the liver are shown in Table 4 . Liver weight increased significantly with the 15L diet as compared to the control, and decreased with the addition of BTP. The liver lipid levels in the 15L, BTP, IBT and EGCg groups increased remarkably. BTP and IBT slightly but significantly suppressed the increase of triglyceride levels in the liver caused by the high-fat diet.
The weight of and lipid levels in the feces are shown in Table 5 . The fecal weight of the BTP and IBT groups increased more significantly than the 15L group.
Total excreted fecal lipids and cholesterols in the BTP group were significantly higher than those in the 15L group.
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Discussion
In this study, we showed that BTP decrease plasma lipids. There have been only a few reports on the effect of black tea on plasma lipids, and even fewer on its lipid-reducing effect. Miyagawa and Kawamura reported that black tea has no effect on plasma lipids in rats fed a 3% cholesterol diet (15) , and Hag et al reported that "Lipton tea" did not decrease serum cholesterol in a vitamin A-deficient hypercholesterolemic rat (16) . On the contrary, Iwata et al reported that black tea increased the total plasma cholesterol in fructose-induced hyperlipidemia rats (17) . In these reports, what was used as black tea was a normal tea brew or the solid of a brew which we sampled here as IBT. BTP which contained 64% polyphenol, decreased plasma lipids and seemed to enhance the excretion of cholesterol into the feces. Ikeda et al reported that green tea catechins reduce the solubility of cholesterol in micells and thus inhibit cholesterol absorption from the intestine in rats (21) . It is very likely that BTP will act the same way as catechins and inhibit the absorption of extra lipids. BTP consist of thearubigin fraction, theaflavins and unoxidized catechins . The thearubigin fraction accounts for the largest part of BTP, but little is known about its structure and actions. Theaflavins are defined compounds of oxidized catechin dimers which are produced during the "fermentation process." It has been reported that theaflavins have antiviral (22) or antioxidative (23) activities. Tea catechins are broadly defined as green tea polyphenols, and EGCg is the major component in them. We have demonstrated a variety of biological activities of tea catechins (1-7), and reported that 0.5 and 1.0% catechin supplementation will suppress the elevation of plasma cholesterol level in cholesterol-fed rats (7) . The BTP adminis tered in this study contained 20% catechins. In order to observe the influence of the EGCg in BTP diet on plasma lipids, the dose of EGCg in the 0 .2% EGCg group was matched to the catechin content in the 1% BTP group. Results showed that 0.2% EGCg did not reduce plasma cholesterol levels, and this suggests that the cholesterol-lowering effect of BTP is due not to the catechin content but to the remaining polyphenolic constituents which are particular to black tea; that is , thearubigin or theaflavins. However, the amount of tea polyphenols supplemented as well as the variety of tea polyphenols may have more importance in reducing the lipids in these experimental systems. Our previous data showed that the supplementation of 0.5% of EGCg in the diet reduced the elevation of serum cholesterol levels (7), whereas 0.2% EGCg was ineffective in this study. In a similar way, 1% IBT, which is equivalent to 0.2% tea polyphenol supplementation, did not enhance cholesterol excretion in the feces nor did it reduce the plasma lipids . In addition, the caffeine contained in IBT might have worked adversely in reducing the plasma cholesterol levels of the IBT group (24) . The dose of BTP administered in this study probably corresponds to 7 to 8 cups of tea for humans. The present experiment showed that BTP have hypocholesterolemic activity and that habitual black tea drinking may be protective against human hypercholestorolemia. Further studies with various concentrations of IBT (brewed tea) as well as to the concomitant effect of caffeine should be conducted. 
